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摘  要 
 
摘  要 
光化学蒸气发生技术（PCVG）是一种实现了分析物与样品基体分离的气体
进样技术，应用于痕量元素分析方面具有诸多优势。本研究利用特制的光化学蒸
气发生装置首次得到了 Ir 和 Ru 的稳定可靠的 PCVG 信号。将光化学蒸气发生装
置，与流动注射体系以及 ICPMS 检测技术联用，通过优化小分子有机酸的种类
及浓度、照射时间、载气流量等条件，建立了 FI-PCVG-ICPMS 分析水样中 Au、
Ag、Pt、Rh、Pd、Ir、Ru 等贵金属元素的方法。方法精密度除了 Ru 为 9.2%（0.1 
µg/L，n = 5）外，其他元素均小于 4.6%（Ag，0.2 µg/L，n = 5）。检测限（LOQ，






-小于 1 mM 时，贵金属元素的 PCVG 基本不
受影响。而对于某些元素，如 Pt 和 Pd，当 NO3
-含量为 1 mM 时即产生严重的抑
制效应。向河水、自来水、矿泉水样品中添加一定量的标准溶液，加标回收率均



















Photochemical vapor generation (PCVG), as a gas sampling technique that 
makes analytes separate from matrix, has numerous advantages on the application of 
trace element analysis. In this study, stable and reliable PCVG signals of Iridium and 
ruthenium were firstly abtained using a special PCVG device. The PCVG device was 
coupled with a flow injection system and ICPMS technique. The main factors of 
PCVG, such as type and concentration of low moleculer weight (LMW) organic acid, 
irridation time, carrier gas flow, were optimized. Methods of FI-PCVG-ICPMS were 
developed for noble metal elements (Au, Ag, Pt, Rh, Pd, Ir, Ru) analysis in water 
sample. The method precision was lower than 4.6% (Ag, 0.2 µg/L, n = 5), except for 
Ru of 9.2% (0.1 µg/L, n = 5). The limit of quantifications (LOQ, 10σ, n = 7) were 5 







 on the PCVG signals of noble metal elements had been 
investigated. The results showed that the PCVG signals of noble metals elements 




 were less than 4 mM and 
NO3
-
 less than 1 mM. However, 1 mM NO3
-
 addition could result in serious 
suppression effect for some elements, like Pt and Pd. When certain amounts of 
standard solution were added to river water, tap water and mineral water, spiked 
recoveries were in the range of 80% ~ 120%, which suggested that the methods 
developed were applicable for the three types of sample. However, there were no 
noble metal elements were detected. 
 
Key words：photochemical vapor generation; inductively coupled plasma mass 
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在 ng/g 水平[17, 18]，河流中浓度一般为 ng/L 水平，而河口、海洋中的浓度则达






能达到分析的目的[24]。ICP-AES 和 ICPMS 的元素适用范围广，能够分析元素
周期表中几乎所有元素，而且都可实现多元素同时分析，在元素分析领域占据主






























































表 1-1 贵金属元素的质谱干扰 
Table 1-1 Isobaric interferences of the noble metal elements 
Mass Element
a
 Polyatomic intreference 
96 Ru(5.5), Mo(16.5) 
 






















































































































































































































































































行化学蒸气发生的元素如表 1-2 所示[46-48]。可见，除了经典的 As、Sb、Bi、





















表 1-2 元素周期表中可化学蒸气发生的元素 
（蓝：氢化物；红：螯合物；浅绿：羰基化合物；绿：氟化物；黄：冷蒸气；橘：氧化物） 
Table 1-2 Volatilizable elements in Periodic Table 












































新的分析方法不断被报道。Simpson et al.以 O2为反应气，利用动态反应池技术
消除了 181TaO+对 197Au+的干扰[52]。Hsu et al.用电热蒸发-ICPMS 法测定了尘土
样品中的 Au，检出限为 0.4 µg/L[42]。Barefoot 综述了高分辨-ICPMS 法测定地
质样品中 Au 的方法，检出限可达到亚 pg/g 级别[36]。Luna et al.第一次报道了
Au 可进行氢化物发生，发生效率为 92±4%[53]。Moor et al.用 ICPMS 对 Au 的化
学蒸气发进行了研究，并估算得到检出限为 4 ng/L[54]。然而，Xu 和 Sturgeon
得到 Au 的化学蒸气发生产率小于 6%，可能是因为挥发性产物极不稳定造成的
[55]。大部分已报道的研究 Au 的化学蒸气发生的检测方法采用 ICPAES 或 AAS
法，检出限为µg/L水平，不能满足环境样品中超痕量水平Au的测定。Guo et al.[56]
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